Garcinia mangostana Linn is known as the "queen of fruit" in Viet Nam, which is grown in the provinces of the Mekong Delta and the South Eastern area. Many researches showed that the pericarp of this fruit has many active components, such as xanthones, anthocyanins, tannins, etc. Tannins content of Gacinia mangostana Linn peel from four regions (Can Tho, Tra Vinh, Bình Duong and Vinh Long provinces) in Viet Nam was investigated. The tannin contents (% w /w dry matter) have been determined by the Lowenthal method, which were 13.80; 13.91; 14.15 and 14.50 in the samples from Vinh Long, Can Tho, Binh Duong and Tra Vinh, respectively. This study focused on the extraction of the tannin compounds from the Garcinia mangostana Linn for applications in food industry, especially in the wine-producing industry.
INTRODUCTION
Gacinia mangostana Linn is one of the tropical plants grown in many countries in Southeast Asia, such as Myanmar, Thailand, Indonesia, Viet Nam, etc. In Viet Nam, it is grown mainly in the Southeastern and the Mekong Delta provinces such as Ben Tre, Soc Trang, Vinh Long, Can Tho and Binh Duong (about 4,900 ha). The weight of Viet Namese mangosteens is around 80 grams but the fruit peel accounts for 68-70 %, which is now almost discarded [1] . Nowadays, there have been many researches showing that mangosteen peels contain many active substances such as xanthone, tannin, anthocyanin, etc. These compounds have many proven properties such as antioxidant capacity, antibacterial, anti-fungal etc. [2, 3] . The tannins content in the mangosteen peel represents about 14.1 % [2] , in which procyanidin, propelargonidin, and prodelphinidin are predominant. The extract of tannins possess high antioxidant activity and it is likely to be used as food antioxidants [2] . It was also possible to precipitate protein, in wine, and improve the taste of the wine [3, 4] .
Solvents are commonly used for the extraction of tannins such as methanol, acetone, ethanol, ethyl acetate, acetoneitril, etc. [3, 5] . Extraction techniques such as Ultrasonic extraction, Microwave-assisted extraction (MAE), Extraction with magnetic stirrer or highpressure extraction have been applied to increase extraction efficiency, shorten extraction time, etc. [6, 7] . However, these techniques are costly.
Bioactive compounds in plants exist in complex forms, which bind to cellulose, pectin, starch and protein molecules in the cell wall. Appropriate enzyme can break down the complex conjugate system and release bioactive compounds from plant cells while being extracted [8] , and the yield released is higher respectively. Therefore, enzyme application for active compound extraction from the plants has been attracted great attention. Wang et al. [9] showed that the enzyme influenced the extraction and activity of antioxidant ingredients from red algae Palmaria palmata. All of carbohydrases enzymes (such as Ultraflo L, AMG 300 L, Celluclast 1.5 L FG, Termamyl 120 L) have increased the extraction efficiency compared to non-enzyme. [9] . Material treatment with enzymes can increase extraction efficiency without sophisticate instruments.
In tannin extraction, ethanol solvent was selected because its safety in the food industry. In this study, the factors such as type of solvent, solvent concentration, ratio of solvent to material, temperature and time extraction were investigated. To improve the extraction efficiency, pretreatment of the material by enzymes including Termamyl SC, Pectinex Ultra SP-L and Panzea BG of Novozymes was investigated.
MATERIALS AND METHODS

Materials
Fifty kg mangosteen fruits were collected from four provinces of Viet Nam, i.e. Can Tho, Vinh Long, Binh Duong and Tra Vinh in June 2017. The mangosteen peel was separated from the fresh ripe mangosteen fruit. The peels were sliced in small pieces, then dried in dark, at room temperature in two days. Then it was blended into small size of 20 mesh and packed in a plastic bag and preserved at -18 o C before using.
In this study, three Novozymes's enzymes have been used to pre-treat the material before solvent extraction: Termamyl SC, Pectinex Ultra SP-L and Panzea BG.
Termamyl SC: In this product the key enzyme activity is provided by endo-amylase that hydrolyzes (1,4)-alpha-D-glucosidic linkages in starch polysaccharides. Declared activity is 120 KNU-S/g.
Pectinex Ultra SP-L:
In this product the key enzyme activity is provided by polygalactuonase that hydrolyzes (1,4)-alpha-D-galactosiduronic linkages in pectate and other galacturonans. Declared activity is 3800 PGNU/ml.
Panzea BG:
In this product the key enzyme activity is provided by new xylanase NXU (260 Unit/g).
Analysis method
Determination of total polyphenols content: Total polyphenol content in mangosteen pulp was determined by Colorimetric method using Folin-Ciocalteu reagent (TCVN 9745-1:2013).
Determination of cellulose content:
This method is based on insolubility of cellulose in water and its resistance to action of dilute acids and bases. The sample was degraded with a mixture of nitric acid and acetic acid and boiled in apparatus that contained a condenser. The solution was then filtered through a Büchner funnel. Then the filter paper containing an insoluble residue was dried in oven and the cellulose content was measured [10] .
Determination of starch content:
Hydrolyze starch by HCl to glucoses and then determine glucose by Bectrand method [10] .
Determination of pectin content by Calcium pectate precipitation method: as in [10] .
Determination of tannin content by Lowenthal method:
In H 2 SO 4 , the polyphenol (tannin) compound is easily oxidized by KMnO 4 with an indigocarmin indicator. The titration ends when the indicator color changes from green to gold. Tannin content was determined by the amount of KMnO 4 used for titration.
Preparation of extract: 3 grams of Mangosteen peel powder was added into 250-ml Erlenmeyer flask and mixed with 50 ml boiling water. The Erlenmeyer flask is immersed in boiling water for 30 minutes. Then it was filtered to collect the extract. The residue was added to the solvent and the extraction procedure was repeated until no qualitative tannin is present. Transfer the concentrate to a 250-ml volumetric flask and add distilled water to the mark. Shake well.
Titration: Get 5 mL extract, 5 mL sufoindigocamin reagents, 150 ml distilled water into 250 ml flasks. Stir well and titrate with 0.1 N KMnO 4 until golden color appears. Tannins content is calculated by the formula: X: tannin content (% w/w dry matter); 100: correction factor of 0.1 N KMNO 4 ; V 1 : volume of sample solution (5 mL); V 2 : volumetric flask volume (250 mL); a: amount of KMnO 4 used to titrate the sample (mL); b: amount of KMnO 4 used to titrate control samples (mL); 0.004157: tannin calculation factor corresponding to 1mL KMnO 4 0.1N; G: mass of dry material (g).
Tannin extraction efficiency (y %) was calculated by the following formula:
where a is the amount of tannin in extract (calculated by Lowenthal method) (%); b is the total amount of Tannin in material (mangosteen peel powder) (calculated by Lowenthal method) (%).
The results were analyzed by means of ANOVA using MEGASTAT software and Microsoft Excel software.
Experimental design
-Effect of solvent type: 3 solvent type was used: water, ethanol and acetone. 3 grams of Mangosteen peel powder was added into 250-ml Erlenmeyer flask and mixed with selected solvents (purified water, ethanol and acetone) at the selected ratio 1:20. The Erlenmeyer flask was incubated in a water bath at 80 o C, for 120 minutes. The extracts then were obtained after centrifugation at 5000 rpm for 10 minutes and vacuum filtration. -Effect of extraction temperature: 3 grams of Mangosteen peel powder was added into 250-ml Erlenmeyer flask and mixed with solvent etanol. The Erlenmeyer flask was incubated in a water bath at the selected temperature from the room temperature (30 o C) to 90 o C. The extracts then were obtained after centrifugation at 5000 rpm for 10 minutes and vacuum filtration.
-Effect of some enzymes: 2 grams of mangosteen peel powder was added into 250 ml Erlenmeyer flask, mixed with purified water (10 ml) and 0.5 % (w/w) enzyme. The Erlenmeyer flask was incubated in a water bath at 45 o C, for 90 minutes. When the enzyme pre-treatment was completed, the ethanol (96 %) and water were added to the extracted concentration. Then tannin extraction process was done according to the mode selected. The extracts then were obtained after centrifugation at 5000 rpm for 10 minutes and vacuum filtration. The results in Table 1 showed that dry peel of Garcinia mangostana Linn in four mangosteen cultivars in Viet Nam contained a rather large amount of tannin: 13.80 % (Vinh Long), 13.91 % (Can Tho), 14.15 % (Binh Duong), 14.50 % (Tra Vinh) (Accounting for more than 63 % of the polyphenols). This content of tannin is relatively higher than that of some traditional sources for tannin extraction as buds and young leaves of tea (10 %) and black tea 13.6 % [11] . This indicates that mangosteen peel in Viet Nam is a potential source of tannin extraction.
RESULTS AND DISCUSSION
Chemical composition of raw materials
Effects of extraction solvents
In this study, we investigated the effects of three solvent types: water, ethanol and acetone. These solvents have been used effectively in tannin extraction [3, 12] . Figure 1 shows that the extraction efficiencies were 37.93 %, 49.06 % and 50.08 %; respectively. The extraction efficiency of ethanol was not much lower than that of acetone, and it is a safe solvent, so ethanol has been chosen for further experiments. Figure 2 indicates that when increasing the ethanol concentration from 30 % (v/v) to 60 % (v/v), the extraction efficiency has been increased. The maximum value of tannin extraction efficiency was 82.24 % with ethanol of 60% (v/v). But the ethanol concentration was increased from 60 % (v/v) to 96 % (v/v), the tannin extraction efficiency decreased to the lowest value of 49.08 %. This has explained by Isam Eldin Hussein Elgailani, who argued that the use of pure solvents gave a lower extract efficiency when extracted with phenolic compounds, particularly in the tannins [5] . Ethanol 60% was used for the following surveys. 
Effect of the ratio of mangosteen to solvent
The difference in solute concentration affects the diffusion of the solute from the cell wall into the solvent. Figure 3 shows that when the ratio of material to solvent was increasing from 1:10 to 1:20, tannin extraction efficiency increased, the largest at 1:20 (tannin extraction efficiency was 85.37 %). Thus, the greater the difference in solute concentration, the more diffused the solvent tannin. However, experiments showed that if the amount of solvent continues to increase from 1:30 to 1:40, tannin extract efficiency tended to decrease. This phenomenon is similar to that reported by Jin et al. [13] . It is explained by the swelling of plant cells and solute constituents was absorbed. In addition, excessive use of solvent is wasteful. The ratio of mangosteen to solvent: 1/20 (w/v) was chosen for the following surveys. 
Effect of extraction times
If the extraction time was short the amount of tannins was not extracted out totally. But if the extraction time was too long, tannins were oxidized. The results (Figure 4) showed that the quantity of tannins increased with the extraction time and gave the best result at 120 minutes (84.87 %). But if the extraction time was increased further the amount of tannins reduced in this experiment, which might be caused by the oxidation process. 
Effect of extraction temperature
Effect of some enzymes
Results of chemical analysis of dry pericarp of Garcinia mangostana Linn (Table 1) showed that mangosteens contain a significant amount of cellulose (41.49÷43.48 %), starch (8.43÷9.23 %) and pectinase (2.52÷3.07 %). They have prevented the release of active substances out of plant cells. At present, there have been many publications on the efficacy of extraction of active ingredients by enzyme treatment. In this study we used three enzymes to pre-treat raw materials to improve tannin extraction efficiency. The results of the study ( Figure  6 ) showed that the enzymes studied have the effect of increasing tannin extraction efficiency. Termamyl SC and pectinex Ultra SP-L gave high extraction efficiency, i.e. 90.93 % and 90.56 %, respectively, which was 3.58 % higher and 3.21 % higher than non-enzyme use. Enzyme Penaza BG had the least effect with the extraction efficiency, i.e. 0.55 % higher than non-enzyme use.
As such, when treating the raw materials with Termamyl SC or pectinex Ultra SP-L enzymes, the yield of tannin extraction has increased. However, the conditions of use of these enzymes should be studied further. 
CONCLUSIONS
The tannins content in the peel of Garcinia mangostana Linn in four provinces of Viet Nam is investigated. Tannins contents (% w /w dry matter) determined by the Lowenthal method in the samples were 13.80 (Vinh Long), 13.91 (Can Tho), 14.15 (Binh Duong), and 14.50 (Tra Vinh). They can be a prospective source for extraction of tannins.
Tannin extraction conditions from dried mangosteen peels were determined to be: ethanol 60% (v/v) as solvent, ratio of material to solvent of 1/20 (w/v), temperature at 60 °C, and time for 120 minutes. The extract efficiency was 87.35 %. Pretreatment of materials by Termamyl SC or Pectinex Ultra SP-L enzymes increased the extraction efficiency (extraction efficiency by more than 90 %).
